Introduction
have been shown to form biofilm, while just a limited number of studies have demonstrated GBS 63 biofilm formation in vitro (26) (27) (28) (29) . Glucose concentration in culture media were shown to modulate 64 biofilm formation in GBS, although conflicting data have been reported regarding the biofilm 65 forming capacity of isolates belonging to different serotypes, and the correlation between biofilm 66 formation and pH (26;27;29) . We hypothesized that these contradictory results could be due to 67 absence of in vitro protocols that allowed clearly discriminating between strong and weak biofilm 68 formers and unambiguously establishing the role of bacterial culture conditions.
69
In the present work, a new in vitro biofilm formation protocol was applied to evaluate the ability of 70 a large collection of GBS isolates to produce biofilm in different growth conditions. The protocol 71 permitted to clearly demonstrate that GBS biofilm formation is enhanced at acid pH and to identify 
Material and Methods

77
Strains
78
A total of 366 S. agalactiae isolates belonging to 8 different serotypes (Ia n = 58; Ib n = 18; II n = 79 28; III n = 156; IV n = 10; V n = 57; VIII n = 3, IX n = 13) and non-typeable strains (n = 23) were 80 included in the study. Among these, 357 were vaginorectal isolates obtained from pregnant women
81
(n = 272) and isolates from neonates (n = 85, of which 64 obtained from a sterile site) in Belgium, 82 Bulgaria, the Czech Republic, Denmark, Germany, Great Britain, Italy, and Spain. These isolates 
Serotype and ST-17 identification
Four clinical isolates (3 biofilm forming and 1 non-biofilm forming strains), grown overnight at 37 103 °C in Todd Hewitt Broth pH 7.8 (THB), were diluted to OD 600 0.05 in optical tubes containing 10 104 mL of THB pH 7.8, THB pH 7.8 supplemented with 1% glucose or THB pH 5.0. The tubes were 105 then incubated without shaking at 37°C and the optical density at 600nm was measured for 8-10 h.
106
Each experiment was performed in triplicate.
108
Standard biofilm formation protocol 109 The standard protocol was performed as already described (26) . In brief, Streptococcus agalactiae 110 strains were streaked on blood agar plates and grown at 37 °C for 18 hours at 37 °C.
111
GBS strains, grown overnight in THB pH 7.8 were diluted 1:20 in THB and THB supplemented 112 with 1% glucose; and used to inoculate (100 μL/well) a 96-well polystyrene microtiter plates 
New biofilm formation protocol
119
A new protocol for in vitro biofilm formation was set-up. Streptococcus agalactiae strains were 120 streaked on blood agar plates and grown at 37 °C for 18 h. Bacterial suspension in THB was diluted 121 to OD 600 0.05 and used to inoculate (200 μL/well) a 96-well polystyrene microtiter plates (Costar,
122
Corning Inc. USA). The preliminary protocol evaluation was performed using THB and THB
123
supplemented with 1% of glucose, as already used in the Standard biofilm formation protocol.
124
Other media were also used to investigate the role of pH in biofilm formation a)RPMI GlutaMAX 
Results
207
A novel in vitro biofilm formation protocol 208 In vitro protocols applied to date to determine the biofilm formation ability of different GBS 209 isolates resulted in small differences between the tested strains and did not allow clearly 210 discriminating among strong and weak GBS biofilm formers. Here, a novel experimental protocol 211 was implemented to overcome this limitation. The main differences respect to the previously Figure 1A ), while the CV values of weak biofilm formers were drastically reduced 226 (strains 5, 6, 7 and 8 in Figure 1A ).
227
Confocal microscopy analysis of biofilms produced by a representative strong biofilm forming To clarify the role of pH in biofilm formation by the different GBS serotypes, biofilm assays were 240 performed using a selection 366 S. agalactiae isolates belonging to 8 serotypes grown in THB
241
(starting pH 7.8) without or with 1% glucose and in THB at pH 5.0 without supplemented glucose.
242
Similar to what observed in Figure 1 , no significant biofilm was detected in presence of THB at 
). However no significant differences in terms of growth rate were observed between biofilm 251 forming strains and non-biofilm forming strains, in each the tested media ( Figure S2 ).
252
As already reported for S. pyogenes (34), the production of organic acids associated with the was detected also for a representative non-biofilm forming strain, in all tested media ( Figure S3B ).
264
To confirm that pH 5.0 is the signal sensed by the bacteria to start biofilm formation, a to the hypervirulent ST-17 clone ( Figure 2C and Figure 2D ). More than 36% of the 91 ST-17
286
showed a CV>3 in presence of glucose or at low pH, while less than 6.1% of the 65 non-ST-17
287
showed CV>3 in the same conditions ( was observed also when the concentration of proteinase K was decreased to 0.4 μg/mL ( Figure S6 ).
322
Addition of 200 μg/mL of DNase resulted in low inhibition and partial disruption of the biofilm, but 323 the effect was weaker than that observed using proteinase K ( Figure 5 ).
324
These results suggest that acidic pH could be important, specifically in the ST-17 strains, to regulate 325 the expression and/or to promote the exposure of surface associated proteins, inducing bacterial 326 adhesion and contributing to the biofilm structural stability. protocol, containing a medium replacement step. The biofilm produced by strong biofilm forming 344 strains using the new protocol was thicker and more homogeneous than that obtained using the 345 standard protocol (26) (Figure 1 ). In contrast, weak or non-biofilm forming strains produced much 346 reduced biofilms using this protocol (Figure 1 ). Appling the new protocol to a large number of GBS 347 clinical isolates, we provide unequivocal evidence that acidic pH induces GBS biofilm formation in 348 both a nutritionally rich environment (THB) and a limited environment (RPMI) (Figure 3 ).
349
These data clarify previous observations regarding the role of pH during biofilm formation by GBS
350
and revealed, for the first time, a significant divergence between different GBS serotypes. 
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559
Asterisks denote statistically significant difference determined by Student's t test, (***) P < 0.001 560 and (****) P < 0.0001. three independent experiments performed for each isolates. Asterisks denote statistically significant 569 difference, determined by Univariate Analysis of Variance (ANOVA), (*) P < 0.05 (**) P < 0.01,
570
(***) P < 0.001 and (****) P < 0.0001.
571
Figure 3. Acidic pH and not glucose induces GBS biofilm formation.
573
Comparison of the biofilm formation ability of a strong biofilm forming strain grown in A) THB ,
574
THB supplemented with 1% of glucose and THB pH 5.0 B) RPMI, RPMI supplemented with 1% of 575 glucose and RPMI pH 5.0. Biofilm formation was evaluated using Crystal Violet stain measuring 576 the absorbance at 540 nm. Bacterial growth in planktonic form was evaluated measuring OD 600 . pH 577 values were measured using pH-test-strips (pH increment: 0.2). To normalize the biofilm formation 578 ability with the cell growth the y-axis reports the ratio between the Crystal Violet values and OD 600 .
579
The mean values of three independent experiments and standard deviation are shown. Asterisks 580 denote statistically significant difference, determined by Student's t test, (****) P < 0.0001. 
